Energy coupling in DNA gyrase: a thermodynamic limit to the extent of DNA supercoiling.
ATP alpha S (Rp) has been shown to support the supercoiling of plasmid pBR322 catalyzed by Escherichia coli DNA gyrase at comparable rates to the natural substrate ATP and is able to promote the introduction of one more superhelical turn than ATP. The difference in free energy change between consecutive rounds of supercoiling in gyrase-mediated reactions is calculated to be 2.6 kJ mol-1. The difference in free energy of hydrolysis of ATP and ATP alpha S (Rp) has been determined from the difference in the equilibrium constants for the phosphorylation of arginine established by arginine kinase. This equilibrium constant has been found to be displaced by a factor of about 1.5, corresponding to a greater free energy of hydrolysis of ATP alpha S (Rp) compared to ATP of approximately 1 kJ mol-1. This difference in free energy can be tentatively ascribed to a relative destabilization of the MgATP alpha S (Rp) complex with respect to MgATP. Assuming that the stoichiometry of the coupled reactions requires two ATPs hydrolyzed per round of supercoiling, ATP alpha S (Rp) should be capable of providing an additional ca. 2 kJ mol-1 of free energy for DNA supercoiling, which is in good agreement with estimates for the additional free energy required to achieve a further round of supercoiling. These results provide direct evidence to support the proposal that the extent of DNA supercoiling by DNA gyrase is limited by the free energy of hydrolysis of the nucleotide.